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The preparation of product! of the ruction of polyaapaxtimido 
and amino acids and the use thereof 

S The invention relates to a process for preparing products of the 
reaction of polyaspartimide and amino acids and to the use of the 
reaction products as additive to detergents and cleaners, as 
scale inhibitor and as dlspersant. 

10 The preparation of polyaspartimide a by thermal polymerization of 
aspartic acid in the presence or absence of other amino acids is 
disclosed, for example, in US- A- 3 052 655, DS-A-4 023 463 and 
US-A-5 057 597. 

15 DE-A-2 032 470 discloses a process for preparing polyasparti.c 
acid hydroxy 1 amides by reacting polyaspartlmides with alxanol- 
amines in a solution of dimethyl formamide or dimethyl sulfoxide* 
The reaction products are used as plasma expanders. 

20 DE-A-2 253 190 disclose* the use of polyaspartlmides reacted with 
long-chain alxyiamines as surfactants in detergents. The reaction 
is carried out in dimethyl formamide as solvent. 

J. Med. Chem. (1973) 893 describes the preparation of products 
25 of the reaction of polyaspartimides and ethanolamine and the use 
of the reaction products as plasma expan !ars . 

E?-A-0 40 S 623 discloses the use of the products of <-he reaction 
of polyaspartlmides with amino compounds as coating agents and/or 
30 release-slowing agents for pharmaceutical forms of therapeutic 
agents and for foodstuffs and other consumables. The reactions 
are carried out in dimethylf ormamide. as solvent. 

As is evident from the abovementioned prior art, the reaction of 
35 polyaspartimide is carried out in solvents such as dimethyl forma- 
mide or dimethyl sulfoxide. The removal of these solvents from 
the reaction products is industrially elaborate. In addition, di- 
methyl formamide is toxic, not least embryotoxic. 

40 It is an object of the present invention to provide an improved 
process for preparing products of the reaction of polyaspartimide 
and compounds containing NH groups. It is another object of the 
present invention to indicate novel applications of products of 
the reaction of polyaspartlmides and compounds containing NH 

45 groups. 



i 

I 

i 



0050/43889 

2155126 

2 

The first object mentioned i» achieved by * process for preparing 
products of the reaction of polyaspartimides and amino acids 
where amino acid, are reacted with polyaspartimides in aqueous 
medium at pH values at which at leaet 5% of the amiuo group, in 
5 the amino acid- are in non-protonated form in equilibrium with 
the protonated form. 

The second object is achieved by using productJ of the reaction 
of polyaspartimides with amino acids, tlkanolaminos or aminated 
10 Ci-Cjo-fa^ty alcohol alkoxylates which contain as copolyaerized 
units up to 50 aolt -.f ethylene oxide and/or propylene cxide yer 
mole of fatty alcohol as additive to detergonts and cleaners, as 
scale inhibitor or as dispersmt. 

IS The polyaspartimides suitable as starting material can be pre- 
pared b/ all the known processes, e<j. by polycondensation of 
or DL-aspartic acid at from 190 to 270*C, by polycondensation of 
L_ or DL-aspartic acid in the presence of 0.1-10 mol of nhospho- 
ric acid, polyphosphoric acid, phosphorous acid, Uypcrhosphorous 
20 acid or hydrochloric acid per mole of aspartic acid. With amounts 
of at least 2 aol of phosphoric acid per mole of aspartic acid, 
the polycondensation of the aspartic acid is carried out . as a 
r solution polycnndansation, whereas iu the presence of smaller 

amounts of phcsphoric acid the polycondensation takes place in a 
25 continuous solid or highly viscous phase. Polyaspartimiie can 
also be prepared from the ammonium suits or amides of fumaric 
acid, maleic acid or malic acid by heating at up to 250*-:. Maleam- 
ic acid and the ammonium salt of maloamic acid are particular: y 
preferably octainod ry reacting solid or molten maleic anhydride 
30 wich gaseous ammonia in the form of a solid/ga* phase reaction . 
The polyaspartimide obtained by polycondensation of acetyl aspart- 
ic acid can also be used as ctartino material. The polyasparti- 
mides normally have K values from 8 to 50 (determined by the 
method of H. Jikentscher in 1% strength solution in diaethylfor- 
35 mamide at 25*C) . The polyaspartimides are, as a rule, aodified in 
such a way that 0.01-1 mole of amino acids, alkanol- 
amines or aminated Ci-C^o-f "ty alcohol alkoxylates are added per 
mole of rspartimide unit* 

40 Amino acids suitable for modifying the polyaspartimides are all 
those having at least one free NH group. Samples are I*- or DL- 
amino acids such as all amino dicarboxylic acids such as aspartic 
acid, glutamic acid and cystine, neutral amino acids such as gly- 
cine, alanine, p-alanine. valine, leucine, methionine, cysteine, 

45 aminocaproic acid and caprolactam, asparagine, isoasparagine, 
glutaaine and isoglutamine, N-methylamino acids such as 
N-methylglycins, amino sulfonic acias ouch as taurine, hydroxy 
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c.rboxylic acids .uch *• hydroxyproline, .. rin . Bnd thr^min. «d 
imino carboxylic acid, .uch a. proUn. and iminodiacetic a -id 
and aromatic and heterocyclic amino acid, .uch a. anthranilic' 
acid, tryptophan, tyrosine and hi.tidine, and amino tricarboxylic 
!Z " UCh ,S Q " or P-«inotricarb«llylic acid, basic diamine car- 
boxylic acid, .uch a. ly.i„„, lynlna hydrochloride, arginina, 
niatldlno and a-aminocaprolactan. 

The reaction of the aaino acids with polya.partimides take, place 
10 in aqueous medium at pH value, at which at least S% of the amino 
group, in the amino acid, are in non-protonated form in equilib- 
rium with the protonated form. The choice of the pa of the 

also their reactivity. 



15 

Th 



diasociation behavior of amino acids i, characterized by pK. 
value. Heutral amino acid, ,uch a. glycine hava ^ pX> 
pK.i and pK.,. Amino dicarboxylic acids and diamine carboxylic 

, a * C "f !!T 3 - PK * ValU9 * PKm1 ' **** and pK *» < ae * J*kubxe, Jesch- 
20 kei t Aminosauren. Peptide. Proteine, Verl.g Chemie, p.^ 40, 
Depending on the structure of the amino acid., the pH of the ' 
reaction solution i. adju.ted to the following minimum values- 



25 



neutral amino acid, are adjusted to pH value, above the iso- 
electric point, preferably above p K .„ where more than 50% of 
the amino group, are , in non-protonated form. 

- Amino dicarboxylic acids axe adjusted to p H values which cor- 
respond to the arithmetic mean of the 2nd and 3rd dis- 
30 sociation constants, ie. at pH values above 1/2 (rXi , ♦ B r , 

preferably at pH values above pX^. <P PK ' 3) ' 

" 1^ ! ar !r r11 ! aCid * ad3K3ted t0 PH Walues vhich cor- 
respond to th- arithmetic mean of the 1st and 2nd dis- 
sociation constants, ie. at pH values above 1/2 (pjc., ♦ pK 
preferably at pH values above p Ko . ^ P a2) ' 



45 
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Specific examples of preferred amino acids aret 

Glycine pH > 6.0 preferably pH > 9.6 

Aapartic acid pH > 6.6 preferably pH > 9.6 

5 Glutamic acid pH > 7.1 preferably pH > 9.6 

Lysine pH > 5.5 r*«f«ably pH > 9.1 

The reactivity of the amino groups of amino acids can be in- 
creased by using amino acids in neutralized form. 
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For example, in the case of amino dlcarboxylic acids, amino tri- 
carboxylic acids p neutral amino acids or disjoin o carfcoxylic 
acids, one, two or three carboxyl groups are completely or par- 
tially neutralized by alkalis during the reaction with the poly- 
15 aspartimide so that the pH is above 6, preferably from 8 to 13, 
and at least 5% of the amino groups are in non-protenated lorn in 
the protonation equilibrium. 

Up to 2 mol of alkali are added per mol of amino dlcarboxylic 
20 acid, and up to 1 mol of alkali is added in the case of amino 
monocarboxylic acids and diamine carbcxylic acids, continuously 
or batchwise during the reaction. Diamino carboxylic acids can 
also be reacted without the addition of alkalis. However, to in- 
crease the reactivity they can also be used in a form wljich is 
25 completely or partially neutralized with bases. 

Amino acids are stored in the form of hydrochlorides for greater 
stability. For example, lysine hydrochloride is a form of lysine 
which is conventionally marketed. If lysine hydrochloride is 
30 employed it is possible to use up to 2 mol of alkalis per mol of 
lysine hydrochloride, with 1 mol of alkali being used to neutral- 
ize the hydrochloric acids. 

The amino acids can be neutralized before or during the reaction 
35 with polyaspartimide. The neutralization is carried out with 
bases such as alkalis, for example sodium hydroxide, potassium 
hydroxide, sodium bicarbonate, potassium bicarbonate, sodium car- 
bonate and potassium carbonate, and tertiary amines such as trie- 
thanolamine and tr ie thy 1 amine, primary amines such as butylamine 
40 and ethanolamine, or secondary amines such as morpholine. Ammonia 
is also a suitable base, and it is likewise possible to use 
barium and calcium hydroxides. 

The reactions are carried out in water as diluent in which the 
45 amino acids are soluble in neutralized form. The amino acid con- 
centration should be chosen so that the resulting amino acid salt 
solutions are as concentrated as possible or saturated. 1-20, 
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preferably 5-15, molar amino „ cl<J ^ 

employed, ■olutions are preferably 

Amino acid, which contain only on. a-i„„ 
5 ju.ted to a pa of . t ieaot , Y °"! "^f 0 9roup * ra »«r«ll y ad- 
two amino group, can "o^^^ "J* ^inl*, 
acid.. The reaction i, . 6tMl ™^ «* ^~ 

pr*fer,bly in the pH rang . fi £ « PH value, above S , 

higher concentration, of amino ,ci£ L hi * V * 1UM Md 
10 lead to a faster reaction. The reac^onT * te "^"^«». 
at from 0 to 100, preferably To to ^ ThT ° Ut 
on the reactivity of the ^ l^SZT 

» tr'^^-SrSLS^^^ — initlax- 
partimide, stopping Syc"den« J ^ *° * ±V « — 

50 to ,,, 30 that Lee ^ ° 0O ~ 1 « °* ^ 

reaction nuxtur. . For example^ as*nat f" Pre ° aBt 13 

ca, be only ,0, ^lycondens^^ 'r^o^aTc^ ~ ^ 

20 ly the unreacted aspartic *hh „ V C and SG =«^ent- 

Polyaspar^de in ^^^^Si^ reS,lltln9 
acxd-containing polya.partimide i» Ja^^f MpWa 
that the p H i» above S d adding a base so 

tinuously^dded «"l ; h r^ yc t2 ^ 8 *° 13 ' *« 
2S agueous solution then -ortSs L "1^ <UMOlv « d - 

Partic acid and ^iT^X STSt^ ™ - ~ 

The reaction products may contain the structural unit, x 



30 



35 



40 



O 



COOR COOR 0 

^CO-HH-Rl I 



(IV) 



In structures I to 



3 to 3000, preferably n - 5 tT^OO. " * nia0 - !,Cid resida «» •*» » - 
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Structure I contains a-linked aspartic acids in the acid form or 
in the form of the alkali metal, alkaline earth metal or ammonium 
■alts and linked in nalt form to the amino acid. Structure IX 
shows 8-linked aspartic acida with the ralavant aaanlngs for the 
5 substituent R, while structure III depicts a- linked aspartic 
acida which contain the amino- acid residue linked in amide form, 
and structure IV represents a ^-linked aspartic acid which 
contains the waino— acid residue linked in amide fo-a. The pro- 
portions of structures I to IV in the reaction product can be in 
lO any ratio with respect to one another. The amino acida are pre- 
ferably present in the reaction products as structures III and IV 
together in an amount of at least 1, preferably 5-70, mol% based 
on the amino acid used. 

IS Information about the structure of the reaction products and the 
proportion of structural elements I to IV present i.n the reaction 
products can be obtained from H-NMR and C-NMR, preferably using 
D 2 0 &s solvent. The a-CH signals in the spectra of amino acida are 
suitable for indicating whether the amino group in the amino acid 

20 is in free form or is linked in amide form to a carboxyl group of 
the polyaspartic acid. It is possible to establish from the ratio 
of the intensity of the signals what proportion of the amino acid 
has reacted with polyiapartic acid to form structural 'nits I to 
IV and what proportions of structural elements I to IV are pre^- 

25 ent. 

Polyaspartimidea can also be reacted in aqueous medium with alka- 
nolamines or with aminated Cx-Cao-fatty alconol alkoxylates . The 
reaction is preferably carried out in the pH range from 7.5 to 

30 13. Examples of suitable alkanolamines are ethanolajiine , dietha- 
nolamine, 2-amino-l-prupanol, 3-amino-l-propanol, aainobutanols 
such as 4-amino-l-butinol r 2-amino-l-butanol and 6— amino-l-hexa- 
nol. Also suitable are aminated fatty alcohol alkoxylates which 
are obtainable by alkoxylation of C l -C 30 -alcohols with ethylene 

35 oxide, propylene oxide or mixtures of ethylene oxide and prop- 
ylene oxide. The fatty alcohol alkoxylates can contain either 
ethylane oxide and propylene oxide blocks or ethylene oxide and 
propylene oxide units in random distribution. The aminated fatty 
alcohol alkoxylates are prepared, for example, oy initially 

40 reacting a fatty alcohol or oxo alcohol, preferably Ci-C 30 - 

alcohols, with ethylene oxide and/or propylene oxide, and subse- 
quently aninating the reaction products. Prom 1 to 100, prefer- 
ably 3 to 50, mol of ethylene oxide and/or propylene oxide are 
used per mole of fatty alcohol. Aminated fatty alcohol alkoxy- 

45 lates which are preferably employed are obtained, for example, by 
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reacting C 1 -C 20 -»lcoholj with 3 to 75 mol of ethylene oxide per 
mole of fatty alcohol and subsequently aminating. 

The products of the reaction of polyaspartimides and amino acids. 
5 alkanolamines or aminatad fatty alcohol alxoxylates described 
above are used as additive to powdered or liquid reduced phos- 
phate or phosphate-free detergents and cleaners. Products of the 
reaction of poly as part imide with N-(aminoethyl)piperazina, 
N-(aminoethyl) imidazole, N-( aminopropyl) imidazole or 2 -amino- 
10 caprolactam can act as antiredeposition agents and as color- 
transfer inhibitors. The amounts used are in the range from 0.5 
to 30, preferably 1 to 10, % by weight. The amounts used in dish- 
washing compositions and clear^rs for mechanical bottlewashing 
are up to 50% by weight. 



15 



Reduced phosphate detergents and cleaners mean those formulations 
which contain less than 25 1 by weight of phosphate calculated as 
pentasodium triphosphate. The composition of powder detergent 
formulations can vary widely. Phosphate-f r3e detergent formula- 

20 tions, in particular concentrated compact powder detergents, can 
contain besides the conventional surfactant contents as builders 
zeolite and/or sheet silicates in the form of crystalline or 
amorphous powdered hydra ted sodium silicates. Silicates of this 
type are known, see ZP-B-0164514 and EP-A-0444415 . The same ip- 

25 plies to the composition of cleaner formulations. Detergent and 
clearer formulations normally contain surfactants in amounts of 
from 1 to 50% by weight, and in some cases even higher amounts of 
surfactant, with or without builders. These data apply both to 
liquid and to powder detergent and cleaner formulations. Examples 

30 of the composition of detergent formulations customary in Europe, 
the USA and Jap*.n are to be found, for example, in tables in 
Chemical and Engn. News, 67 (1989) 35 and in Ullmanns Encyclopedia 
der technisefcen Chemie, Verlag Chemie, Weinheia 1983, 4th Edi- 
tion, pages 63-160. Further details of the composition of deter- 

35 gcr.ta and cleaners can be found in W0-A-90/13581 . 

The reaction products to be used according to the invention can 
be incorporated without difficulty into detergent and cleaner 
formulations and, because of the fact that they greatly reduce 
40 the viscosity of water-containing surfactants, can be used as 
viscosity reducers. 

The reaction products described above are also suitable as scale 
inhibitors used, for example, in the desalination of sea water 
45 to prevent incrustation with simultaneous inhibition of corrosion 
in water-carrying systems, eg. in cooling and hot water circula- 
tions, boiling and vaporizing units, heat exchangers, turbines 
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and pumps or as seals inhibitors in the evaporation of sugar ayr- 
up*. Seals inhibitors art normally addsd to the aqueous medium to 
be treated in amounts of from 0.1 to 1000 , preferably 1 to 500, 

PpIIl m 

5 The products of the reaction of polyaspartimidea and amino acids, 
alxanolamines or Mninated d-Cao-fatty alcohol alxoxylates vhich 
contain as copolymerized units up to 100 mol of ethylene oxide 
and/or propylene oxide per mole of fatty alcohol are also us**d as 
10 dispersants, eg. for dispersing pigments in water to prepare 

highly concentrated pigment suspensions, eg. such reaction prod- 
ucts »re used to prepare aqueous suspensions of iron, coal, min- 
erals, clays, loam, oxide and sulfide minerals, phosphates, sul- 
fates', carbonates, chalx and gypsum. The amounts used as disper- 
15 sar.t axe in the range from 0.1 to 5, preferably 0.2 to 2, % of 
the weight of the pigment. 

The products of the reaction of polyaspartimides and amino acids r 
alkanclamines or aminated C.-Cjo-fatty alcohol aixoxylatea which 
20 contain as ccpolymarized units up t. 50 mol% of ethylene oxide 
and/or propylene oxide per mole of fatty alcohol have K values in 
the range from 8 to 150, preferably 9 to 100 (determined by the 
method of H. Fikentscher in aqueous solution at pH 7 on the so- 
dium salt of the reaction product and at 25*C) . 

25 

Unless otherwise indicated, the percentages in the examples are 
based on weight. The K values were determined by the method of 
H. Fixentscher, Celluloae-Chemie, 12. (1932) 58-64 and 71-74, in 
1% by weight solution in the form of the sodium salts at pH 7 and 
30 25 *C. The K values of polyaspartimide were determined in dimethyl- 
formamida at a polymer concentration of 1% by weight and at 25 *C. 



ExampJ.es 

35 Prepartion of polyaspartimide 

L-Aspartic acid crystals are condensed in a porcelain dish at 220* 
in an oven until the weight remains constant. The polycondensata 
has a K value of 18.6 in 1% strength solution in dimethylform- 
40 amide. 



Comparative Sxample 1 

1 g of the poiyaspartimide described above is stirred in 20 ml of 
45 water at 60 *C, and 10% strength aqueous sodium hydroxide solution 
is added dropwise so that the pH of the solution is from 8 to 10. 
A clear aqueous polymer solution with a pH of 9 is obtained. Gel 
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_,ion c h ron«o,r.p h y <^£^ ^TlT™ anTa 
nUB ber -verage molecular weight Ma of 2600. 

5 Example* 1 to 6 

Pr.p-ra~.ion of reaction product. 1 to S 

10 into a 100 mi 3rlen»eyer lino acio indicated 

^n. cooling in ice. ^^J?^ i, .tirred 

in Table 1 1. ^"^^^'"^^a "ear -olution of tha aaino 
,*ile cooling in an ice bath ««-l a * ^ (equivalent « 

aCid ^Y^de^-a, a^addeTin one potion and the r.ault- 
15 o.l «ol of imide temperature and for the ti-e in- 

«ng 8U -P° na i°" t 8 ." 1 ^ teaultlng solution i- browni-h and clear 
dicated in Table 1. The re8U ™* reaction ia evident from the 

or slightly »^£?^££LE^£^T di "° 1Ve " 
fact that the insoluble poiyaspa^ » ^ t ^ tur _ 

20 P H resulting after the reaction of ^ reaction 

^2 liSLfeTTaX ^ ^gtTagueoue -odiu. hydroxide 
can be ^^^^'.xa. The clear solution can then be ad- 
ru"^ feared PH^thout , recitation or turbidity 
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r • reaction product. d..crii*d in Table 1 are te .ted tot 
di.per.ing capacity (CD teat) in the following exampl.,. 

CD test (clay dispersion teat) 

Finely ground china clay SPS 151 i, used a. model of Darticul.* 

th. addition of 1 ml of . 0.1, .tr.ngth , olutloa ot ^rSlS 
salt of the polyoioctrolyt. in a 1 00 ml eyii„ d , r fori *f ^ 
Immediately after the birring, a a . 5 ^ .^tl i. ^L^^ 
middle oi the cylinder and, after dilution to 25 ll 
ity of the disper,ion i, deterged \U id ^t« 
are ag*in taken after the dispersion ha. atood forl^ lie ^ 
IS utes and the turMdity i, determined as before/ T L Ul it y^oV 

unTtat P TS °" raPOrted ^ ^ turbidity 
units, The m-a-ured turbidity, and thu. the stability of the 
diaperaion, is inversely related to the settling of tL diltlr 

the dispersion constant which describes the time course or the 

s S «^ ta M PrOCa88 * SinCe proems c« i de- 

scribed approximately by a moaoexponeatial time law t ^ 7. 
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A higher valua for x means 
Table 2 



slower settling of the Oispersic 



30 



35 



40 



Ex. 



Reaction product 
of Example 



Turbidity in NTU 
tm ° t-30 t-60 

(min) 



x 

[ain] 



8 

T 
io~ 



740 



750 
760 
760 



750 
750 



640 



630 
650 
620 



630 



59C 



580 
610 
590 



590 



283.7 



261.4 
324.4 
358,4 



30S.7 
319.3 



640 



600 



Comparative 
Example 1 



740 



620 



520 



170.0 



As is evident from the results in Table 2 t-H 
« reaction of polyaspartimide. JfJ^JlJ" 

a-partylamino acids, have better ^^',^^1 ^ 
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„ poly-«p.rff , pr-p*r.d by -llcalAn. hydrolyi. of voly- 
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We claims 



A process for preparing product* of the reaction of poiyas- 
partimldes and amino acids, which comprises reacting amino 
acids with poiyaspartimldes in aqueous mediun at pH values at 
which at least 5% of the amino groups in the amino acids are 
in non-protonated form in equilibrium with the protonatod 
form. * 
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2. The use of the reaction products obtainable as claimed in 

claim 1, arid of products of the reaction of poiyaspartimldes 
with alkanol amines or aminated Ci-C 30 -fatty alcohol alxoxy- 
lates which contain as copolymer! zed units up to 50 mol of 
15 ethylene oxide and/or propylene oxide per mole of fatty al- 

cohol, as additive to detergents and cleaners. 

:. 3 . .The use of the reaction products obtainable as claimed in 
■ ; claim 1, and .of products, of . the reactlon : ipr polyaspaxtimides 
20/' " v >^vith aix&nolamines or 'aminated Cx-C 3 o-*at:ty alcohol alxoxy- 
""^ - v lates which contain as copolymer! zed units up to 50 mol of 
V / .'ethylene oxide and/or _ propylene oxide per mole of fatty al- 
cohol, ' as scale inhibitor. 1 " ' "' m " J - 

25 4. The use of the reaction products obtainable as claimed in 

claim ly and of products of the reaction of polyaspartimides 
with alxanolamines or aainated Ci-C 3Q - fatty alcohol alJcoxy- 
lates which contain as copolymerized units up to 50 mol of 
ethylene oxide and/or propylene oxide per mole of fatty al- 

30 cohol, as diaper 3 ant. 
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